Context. Many of Australia's threatened mammals were once widespread across the continent and present in both arid, semiarid and temperate habitats. However, data on breeding biology can be lacking for some climatic regions due to local extinctions of populations. The breeding biology of the greater bilby (Macrotis lagotis) has previously only been studied in captive colonies or free-ranging arid zone populations. Between 1997 and 2005, captive-bred bilbies were released at two sites in temperate South Australia. These populations provided an opportunity to determine whether bilbies adopt a seasonal reproductive strategy in the temperate zone, where this species has not been present since the early 1900s.
Introduction
The rapid decline of Australia's mammal fauna since European settlement has been well documented. Over 10% of Australia's terrestrial mammals have become extinct since European settlement and a further 21% are currently at risk of extinction (Woinarski et al. 2015) . Many of the species currently at risk of extinction were abundant and widespread at the time of settlement and had species distributions that encompassed arid, semiarid and temperate habitats, but their populations are now confined to relatively small parts of Australia (Hanna and Cardillo 2013; Woinarski et al. 2015) . These species have been described as 'ecologically flexible' (Woinarski et al. 2015) , but our knowledge of the breeding biology of these species often comes from small remnant populations that inhabit relatively few habitats compared with their pre-European distribution. This raises two important questions: (1) will ecologically flexible species adapt their reproductive strategy in different habitats?; and (2) when planning translocations, do we need to factor in changes in fecundity and breeding biology across different habitats?
The greater bilby is an ecologically flexible species with a distribution that previously covered 70% of Australia (Southgate 1990a) . It was once the most widely distributed bandicoot species in South Australia (Finlayson 1961; Kemper 1990) and was recorded in abundance in close proximity to Adelaide, South Australia (Wood Jones 1924) . Museum specimens, Aboriginal knowledge and published literature indicate bilbies were originally present throughout all regions of South Australia except Kangaroo Island and the south-east of the state (Kemper 1990) (Fig. 1) . The bilby declined rapidly after 1900 and the last records within South Australia were specimens collected between 1928 and 1935 in the north-west corner of the state (Bradley et al. 2015 ; Atlas of Living Australia 2018) ( Fig. 1 ). Further surveys in the 1960s failed to find any evidence of bilbies and the species was presumed extinct in South Australia (Kemper 1990 ). Since 1984, its distribution has been restricted to the arid regions of the Northern Territory, Western Australia and Queensland (Southgate 1990a; Bradley et al. 2015) . Southgate (1990a) estimated that the greater bilby now occupies only 20% of its former range pre-European settlement. The climate of the remaining extant range of the bilby differs greatly from that of the southern parts of its former range. The southern parts of South Australia where the bilby previously occurred has a Mediterranean climate, characterised by cool, wet winters and warm, dry summers (Colls and Whitaker 2012) . It supports habitats very different from the arid zone to which this species is now restricted.
Our current understanding of the breeding biology of the bilby comes from studies of populations in the arid zone, where rainfall is low and often unpredictable (Colls and Whitaker 2012) , or from captive colonies (McCracken 1990; Southgate et al. 2000) . In these environments, the greater bilby has been observed to breed throughout the year (McCracken 1990; Southgate et al. 2000; Moseby and O'Donnell 2003) . There is a lack of published data on the breeding biology of free-ranging populations of the greater bilby in the temperate parts of its original range, due to their long absence from southern Australia.
In response to the major decline of this species, there have been recent efforts to re-establish populations in parts of its former range in South Australia, Western Australia, New South Wales and Queensland (Bradley et al. 2015) . The lack of data on the reproductive potential of female greater bilbies in the temperate zone makes it difficult to predict the potential growth rate of translocated populations in these environments or plan releases that maximise the initial rate of increase of populations. Two releases occurred within the temperate zone of South Australia between 1997 and 2005 (Bradley et al. 2015 , and these two sites provided an opportunity to study the breeding biology of this species in an area with regular winter (June-August) rainfall. We hypothesised that in this climatic zone the bilby would adopt a seasonal reproductive strategy similar to that of other related species like the southern brown bandicoot (Stoddart and Braithwaite 1979) . The aim of the present study was to investigate the timing of births and litter size of free-ranging female greater bilbies in the southern temperate zone of South Australia. Data from the present study should give insight in to the reproductive potential of female greater bilbies when translocated to temperate southern regions, and may influence optimum numbers of females released in order to quickly reach a minimum viable population size. The present study seeks to add to our knowledge about the reproductive strategies adopted in different habitats by species that were previously widespread across the Australian continent.
Materials and methods

Study sites
Venus Bay Conservation Park comprises a peninsula of 1460 ha on the west coast of Eyre Peninsula (Fig. 1 Thistle Island is 3926 ha in area and is located at the southern end of Spencer Gulf, 7.4 km east of the south-east tip of Eyre Peninsula (Fig. 1) . Native vegetation was cleared from much of the island and exotic grasses and herbs introduced for domestic livestock as part of its history as a pastoral property (Robinson et al. 1996) . Remnant vegetation consists of an overstorey of Eucalyptus diversifolia, Allocasuarina verticillata and Melaleuca lanceolate, with extensive sand dunes on parts of the island still supporting a reasonably intact community of coastal shrubland dominated by Olearia axillaris and Leucopogon parviflorus (Robinson et al. 1996) . Pastoralism ceased over most of the island in 1986, with the northern half of the island becoming a conservation area (Robinson et al. 1996) . Many native plant species are now regenerating in stock-free areas, particularly Acacia paradoxa. Brushtail possums (Trichosurus vulpecula) were translocated to the island in 1950 by pastoral lease holders, and black-footed rockwallabies (Petrogale lateralis) from Pearson Island were translocated in 1974 to establish a second wild population of this species in South Australia (Robinson et al. 1996) . Both of these translocations have been considered successful (Robinson et al. 1996) .
In 1997, 16 captive-bred greater bilbies from Monarto Zoo were released on to Thistle Island at the northern end of the island. Although Thistle Island did not historically contain greater bilbies, the island was deemed suitable for the species due to its habitat and lack of exotic predators. Surveys of burrows and diggings conducted between 1997 and 2008 indicated that the population had increased, and that greater bilbies had colonised the entire island (J. van Weenan, unpubl. data, 2008) . Although signs (track, scats, diggings and burrows) have been used to infer abundance, comprehensive population counts have not been undertaken at this site.
No supplementary food or water was supplied to either population during our study; animals were dependent on the natural resources of the sites. 
Rainfall at sites
Rainfall was recorded at the Venus Bay Conservation Park site every month for the entire study period and for the 6 months before the beginning of the study by Department of Environment and Water (DEW) rangers. Annual rainfall at Venus Bay Conservation Park was 296.2 and 402.7 mm in 2008 and 2009 respectively. Rainfall was lowest during January and February in both years. Rainfall records for Thistle Island were not available, so records from the nearest weather station at Port Lincoln (Westmere;~40 km east of the northern end of Thistle Island) were accessed through the Bureau of Meteorology website (http://www.bom.gov.au/climate/data/index.shtml, accessed 28 May 2019). Annual rainfall at Port Lincoln (Westmere) weather station was 522.2 mm in 2008 and 589.4 mm in 2009, and showed a similar pattern of high winter rainfall and little or no rainfall in January and February (Fig. 2) .
Annual rainfall was much higher on Thistle Island compared with Venus Bay Conservation Park in both 2008 and 2009. However, both sites showed a relatively similar pattern of rainfall over the year, with most rainfall recorded in the winter months at both sites ( 
Trapping
Greater bilbies were trapped at both locations using medium treadle-operated cage traps (minimum size 60 cm Â 29 cm Â 25 cm) baited with peanut butter and oats. Traps were set well into low shrubby native vegetation so that only the trap entrance was accessible. This provided protection from the elements and reduced the chances of traps being set off by animals from outside the trap trying to access the bait.
Traps were set in transects of 5-20 (depending on terrain) at 100-m intervals. Trap lines were initially chosen to sample the different habitats of each site and to determine the location and density of greater bilbies across the study areas. Some trap lines were then trapped intensively over longer periods during the remainder of the study to recapture females.
Traps were checked once before dawn (between 0200 and 0500 hours) during mild conditions and twice before dawn in cool or wet weather (before midnight, then again between 0200 and 0500 hours). They were closed on nights of severely inclement weather. Traps were closed after the final check before dawn, and the bait was removed and then reopened and rebaited each evening to reduce daytime by-catch. Once caught, animals were placed in a black catch bag to reduce stress. They were kept in the bags when all measurements were taken except for head length. Measurements taken were: head length (mm), pes length (mm), and body mass (g). Bilbies over 600 g in body mass were classified as sexually mature adults based on the previous observations of Southgate et al. (2000) . Non-target species were encountered frequently at both sites and included brush-tailed bettongs and house mice (Mus musculus) at Venus Bay Conservation Park, and brushtail possums and black-footed rock-wallabies on Thistle Island. Non-target species were released immediately at the point of capture when encountered.
Female reproductive condition was classified as: carrying pouch young (where possible, the head and pes lengths of pouch young were measured and their gender determined); lactating (not carrying pouch young, although milk could be expressed from teats); or reproductively inactive (no pouch young or lactation). Because females nurse young bilbies for around 15 days following pouch emergence (Tyndale-Biscoe and Renfree 1987; McCracken 1990) , it was assumed lactating females had pouch young that had recently emerged. In adult males length and width of the left testes was measured. Testis size was calculated by multiplying the length and width (to give area in mm 2 ). To identify individual adults, a subcutaneous passive integrated transponder (PIT tag; Trovan, Douglas, Isle of Man) was inserted under the skin between the shoulder blades. Animals were mostly processed on site, adjacent to the trap and released immediately after taking measurements.
Data analysis
Data were analysed using R version 3.3.1 (R Core Team 2018), an open source software environment and programming language for statistical analysis and graphics creation. Month of birth of pouch young was extrapolated from their head length (following McCracken (1990) , who found head length was the most reliable predictor of age). Age was estimated using the equation:
where X = age in days and Y = head length in mm (McCracken 1990) . This equation was based on observation of captive-bred pouch young. The average litter size at time of birth was estimated from observations of litters <10 days of age. Initial pouch exit has been estimated at anywhere from 67 days of age (Hulbert 1972) to 82 days of age (McCracken 1990) . Therefore the average litter size at pouch emergence was estimated from litters observed that were over 60 days in age. Categorical data, numbers of births and reproductively active females were analysed using the Pearson c 2 test, with a Yates correction applied for small 2 Â 2 contingency tables (Field et al. 2012; Gardner 2017) . For contingency tables that had expected frequencies below 5 but more than 1, the 'N -1' c 2 test was used (Campbell 2007) .
Males had their head length and testes size measured each trapping session to determine whether changes in testes size could be detected in different seasons, resulting in 174 and 92 measurements of these two parameters at Venus Bay Conservation Park and Thistle Island, respectively. Measurements were only included from 2009 and 2010 on Thistle Island because it was only in these years that field trips were regular enough to cover more than one season per year. Correlation between head length and testes size was investigated using all samples from all seasons, and comparisons among seasons were made using the parametric Pearson's product moment correlation. Comparisons between two samples used an independent samples t-test for data with a normal distribution, with the Mann-Whitney U-test used if data were not normally distributed. Comparisons among multiple datasets of testes size for each season were undertaken using a one-way analysis of variance (ANOVA) if datasets were normally distributed, or the Kruskal-Wallis rank-based analysis for non-parametric data.
Results
Cage trapping
At Venus Bay Conservation Park, 3243 trap nights resulted in 606 captures of 69 independent bilbies. On Thistle Island, 1839 trap nights resulted in 394 captures of 195 individuals. These figures equate to a trap success of 2.1 individuals per 100 trap nights at Venus Bay Conservation Park, and 10.6 individuals per 100 trap nights on Thistle Island. Bilbies were the most frequently trapped species at Venus Bay Conservation Park, with brush-tailed bettongs the second-most frequently trapped species, accounting for 155 captures. Of the 3243 trap nights at Venus Bay Conservation Park, there were 2428 records of unoccupied traps which equates to 74.9% of trap nights. Therefore, at this site, it is likely that the trap success is a reflection of the density of bilbies at the site. On Thistle Island, the most frequently trapped species were brushtail possums, which accounted for 613 captures. Bilbies were the second-most frequently trapped species and unoccupied traps were recorded 802 times, which accounted for 43.6% of all trap nights. At trap sites on the southern end of the island there were some occasions where all traps were occupied by either a brushtail possum or bilby in a night. Therefore, it is possible that the trap success of bilbies on Thistle Island may be higher than recorded here; however, in the present study our results also reflect the high amount of by-catch at the site. The mean number of times individual females were trapped at Venus Bay Conservation Park was 3.53 times AE 2.5 (AEs.d., n = 19). The mean number of times individual females were trapped on Thistle Island in 2009 and 2010 was 2.07 times AE 0.98 (n = 30).
At Venus Bay Conservation Park, 53 pouch young were observed with adult females trapped over the course of the present study, and on Thistle Island, 59 pouch young were observed with adult females. Trapping was only carried out regularly enough to detect all breeding events on Thistle Island in 2009 and 2010, and so only the 26 pouch young observed during that period were used to infer the birth month at this site.
At Venus Bay, 59 bilbies were adults (>600 g) at the time of first capture, 10 were subadults (<600 g) and 53 were pouch young, whereas on Thistle Island 160 bilbies were adults at the time of first capture, 34 were subadults and 59 were pouch young. There was a significant difference between the proportion of subadults and pouch young captured at the two sites (c 2 = 16, d.f. 21 = 1, P = 0.0003), with lower-than-expected numbers of subadults captured at Venus Bay and higher-than-expected numbers of subadults captured on Thistle Island.
Body mass of adults
The mean body mass of adult females without pouch young was 1014 g AE 175 g (n = 15) at Venus Bay Conservation Park, and 853 g AE 130 g (n = 36) at Thistle Island. Females at Venus Bay Conservation Park had a significantly heavier mean body mass than females on Thistle Island (t-test with unequal variances, t = 3.207, P = 0.004). The mean body mass of adults males at Venus Bay Conservation Park (1512 g AE 317; n = 38) was also significantly heavier than the mean body mass of males on Thistle Island (983.5 AE 240; n = 104) (Mann-Whitney U-test, Z = -7.236, P < 0.001).
Seasonal changes in female reproductive activity
The presence of pouch young in adult females captured at Venus Bay Conservation Park was seasonal (Pearson c 2 = 75.532, P < 0.001) (Fig. 3) . Females were observed carrying pouch young in winter (44%), spring (80%) and summer (50%). No females were caught carrying pouch young in autumn. Lactating females were observed in spring (8%), summer (24%) and autumn (45%). The percentage of females carrying pouch young on Thistle Island was 40% and 81% in winter and spring respectively, which was similar to Venus Bay Conservation Park. Comparatively fewer females were carrying pouch young in summer (5%) on Thistle Island compared with Venus Bay Conservation Park. Lactating females were observed in spring (3%) and summer (39%). Although no data were collected from (Table 1) . Only one birth was observed in autumn, which was at Venus Bay Conservation Park in late May, shortly before several other births in June of the same year.
Seasonal changes in testes size
Both Venus Bay Conservation Park and Thistle Island populations showed a significant positive correlation between testes size and head length (Venus Bay Conservation Park r = 0.65, P < 0.001, n = 174; Thistle Island r = 0.67, P < 0.001, n = 92). A ratio of testes size to head length was therefore used to standardise testes size before investigating changes in relative testes size and season. At Venus Bay Conservation Park there was a significant decrease in testes size relative to head length in summer (February) (Kruskal-Wallis c 2 = 18.525, d.f. = 3, P = 0.00034). A similar trend was observed at Thistle Island, with relative testes size in summer (February) being smaller than in winter or spring (F 2,85 = 5.692, d.f. = 2, P = 0.0048). There was no significant difference in the testes size relative to head length for autumn, winter and spring at Venus Bay Conservation Park, or for winter and spring on Thistle Island.
Litter size
Litters in both populations consisted of one or two (twin) pouch young (Table 2) . At Venus Bay Conservation Park seven females were observed carrying twin pouch young of !60 days of age. One female was carrying twins estimated to be 86 days of age. On Thistle Island twin litters were observed at 10 days of age, but no twins were observed in litters !60 days of age. The oldest litter containing more than one pouch young on Thistle Island was estimated to be 43 days old.
The average litter size at birth (estimated from litters observed at <10 days of age) was 1.57 (s.e. = 0.2, n = 7) pouch young at Venus Bay Conservation Park, and 1.71 (s.e. = 0.18, n = 7) at Thistle Island. The average litter size at pouch emergence (estimated from litters observed at >60 days of age) was 1.47 (s.e. = 0.13, n = 15) at Venus Bay Conservation Park, and 1.0 (s.e. = 0, n = 8) on Thistle Island.
The proportion of single and twin litters at birth (<10 days of age) was not significantly different between the two sites ('N -1' c 2 = 0.29, P > 0.5; Table 2 ). On Thistle Island, the proportion of twin litters at the time of pouch emergence (>60 days of age) was significantly lower when compared with both the litter size at the same site at <10 days of age ('N -1' c 2 = 8, P = 0.005) and the litter size at Venus Bay Conservation Park for litters of the same age ('N -1' c 2 = 5.13, P = 0.02; Table 2 ). Loss of pouch young was observed in both populations. At Venus Bay Conservation Park one pouch young from a litter of twins was found dead in the pouch and estimated to be~8 days old when it died. On Thistle Island three suspected losses of one pouch young from a litter of twins were observed. A female carrying twins~4 days old was recaptured 73 days later with only one pouch young and only one lactating teat. On two other occasions, females carrying twins <10 days old were recaptured around the time that young emerge from the pouch and were found to have only one actively lactating teat, indicating the loss of one of the twins some time earlier.
Female body size and litter size
The mean body mass of females together with their twin pouch young 10 days old at Venus Bay Conservation Park was 997 g (n = 3), and those with a single pouch young of the same age range was 1060 g (AE95 g, n = 4). On Thistle Island, the mean body masses were 838 g (n = 2) for twin pouch young and 783 g (AE149 g, n = 5) for single pouch young. These body masses all included the weight of the pouch young.
Mean body masses of females with pouch young !60 days of age were not used for comparison because the weight of pouch young they were carrying could not be determined and would have been significant. Instead, head length was compared between these females. At Venus Bay Conservation Park, females who raised twin pouch young to !60 days of age were found to have significantly larger mean head length (106.2 mm AE 1.5 mm, n = 7) than females who only raised a single pouch young to !60 days (103.6 mm AE 2.6 mm, n = 8) (independent two-sample t-test, t = -2.2953, d.f. = 13. P = 0.04). No females trapped on Thistle Island were observed carrying twin pouch young !60 days of age.
Litters produced per annum
Of the adult females trapped at the two sites, eight at Venus Bay Conservation Park were trapped regularly enough over a year to determine the number and outcome of their litters. Only six females on Thistle Island were able to be trapped regularly enough to determine the outcome of all of their litters over a breeding season, due to the lower recapture rate on Thistle Island and fewer field trips. Three females at Venus Bay Conservation Park produced two litters of pouch young per year and five females produced three litters per year. Of the six females on Thistle Island, one did not produce any litters in a year and five produced two litters per year (Table 3 ). This equated to 2.6 litters per female per annum produced at Venus Bay Conservation Park, and 1.8 litters per female per annum on Thistle Island. The smallest female observed carrying a single pouch young was from Thistle Island, with a body mass of 590 g (head length 98 mm). The smallest female carrying two pouch young was also from Thistle Island, with a body mass of 675 g (head length 99 mm). One female trapped on Thistle Island, with a body mass of 590 g and considered to be a subadult in July 2009, was then retrapped in September weighing 710 g. She was trapped regularly throughout 2009 and 2010 and was not observed to reproduce during that breeding season despite being of adequate body mass and age. This was the only adult female observed not to breed at all during the breeding season at either site.
Sex ratio of pouch young
Of the 52 pouch young who were able to have their gender determined at Venus Bay Conservation Park, 26 were male and 26 were female. Of the 44 pouch young able to have their gender determined on Thistle Island, 19 were male and 25 were female. Neither of these sex ratios were significantly different from parity (Venus Bay Conservation Park: Pearson c 2 = 1.00, P = 1.000, n = 52; Thistle Island: Pearson c 2 = 0.818, P = 0.366, n = 44).
Discussion
The present study investigated the timing of reproduction in two southern populations of the greater bilby translocated into temperate areas of South Australia. We also assessed the fecundity of females in these free-ranging populations to determine what reproductive output might be expected of females translocated into similar areas. We assumed that the main drivers of breeding activity in the two populations are the habitat and climatic conditions that influence resource availability. The main findings of the present study have been summarised in Table 4 . The onset of breeding in both populations coincided with months of high rainfall during winter. The present study also detected a shorter breeding season on Thistle Island in comparison with Venus Bay Conservation Park. A much higher trap success and significantly smaller mean bodyweight of adults on Thistle Island indicates that high population density and/or resource competition could also be affecting fecundity at this site. Births of pouch young were not recorded in autumn in both populations. Early accounts by Wood Jones (1924) stated the breeding season of greater bilbies was from March to May in South Australia. However, he also proposed that in arid environments rain and food resources would drive breeding rather than time of year. The results of our study differ from observations of breeding in captive colonies. Captive greater bilbies at the Arid Zone Research Institute at Alice Springs, Northern Territory, were found by McCracken (1990) to breed throughout the year, and Southgate et al. (2000) reported breeding in all months in captive colonies at the Arid Zone Research Institute and the Western Plains Zoo in Dubbo, New South Wales. In both studies the greater bilbies kept under captive conditions were unlikely to have experienced nutritional or water stress. Therefore, observations of breeding in captive colonies are unlikely to reflect breeding in the natural Table 3 . Number of litters produced by females followed over an entire year where the number and outcome of all their litters could be determined at Venus Bay Conservation Park (C.P.) and Thistle Island Site Total number of females followed
Number of litters produced in a year 0 1 2 3
Venus Bay C.P. Australia, Moseby and O'Donnell (2003) observed females with pouch young and/or lactating females in all months except July and September. Their results suggested breeding can occur at any time of the year in the arid environment where their study took place. The study by Moseby and O'Donnell (2003) was carried out on a population during the first 17 months following release, where the original release population consisted of only nine individual bilbies. Year-round breeding may have occurred at this time because there were so few bilbies in the reserve following the initial release, and because the area received average or above-average rainfall in the 2 years following release (Moseby and O'Donnell 2003) . Furthermore, female bilbies had relatively small homerange sizes (mean 0.18 km 2 ) at Arid Recovery Reserve in the 17 months following release (Moseby and O'Donnell 2003) . In contrast, the home range of wild greater bilbies from the Northern Territory was estimated at between 1.1 and 3 km 2 (Southgate and Paltridge 1998) . It is therefore plausible that the small homerange size recorded at the Arid Recovery Reserve during the study by Moseby and O'Donnell (2003) reflected relatively abundant food resources, which thus supported the year-round breeding.
Our results indicate the bilby can alter its reproductive strategy in different habitat types, and that in a temperate environment it adopts a seasonal breeding strategy, with the non-breeding season centred around autumn. Seasonal breeding has been observed in other bandicoot species in southern Australia, including eastern barred bandicoots (Perameles gunnii; Heinsohn 1966) and southern brown bandicoots (Isoodon obesulus; Stoddart and Braithwaite 1979) . Like the bilbies in the present study, both the eastern barred bandicoot and southern brown bandicoot populations were found to have periods of reproductive inactivity around autumn in temperate areas (Heinsohn 1966; Stoddart and Braithwaite 1979) , and breeding was found to take place during times of peak food availability in the southern brown bandicoot (Lobert and Lee 1990) . Both the southern brown bandicoot and eastern barred bandicoot have been described as opportunistic omnivores, whereby their diet varies seasonally according to what is available in the environment (Quin 1985a (Quin , 1985b . The greater bilby also feeds opportunistically on seeds, bulbs and invertebrates in desert areas (Southgate 1990b; Southgate and Carthew 2006) , and their diet can vary significantly depending on season in desert climates (Gibson 2001 ).
There has not been any published research to date on the diet of the greater bilby in southern temperate zones. However, Gibson and Hume (2000) proposed that the low body-fat stores of wild greater bilbies indicate they are vulnerable to nutritional stress, based on studies conducted in the arid zone in far south-western Queensland. It is plausible that food availability could influence breeding in the greater bilby in southern temperate areas, as demonstrated for the southern brown bandicoot by Lobert and Lee (1990) . Investigation of the primary food resources of the greater bilby in southern Australia is required to determine what foods are limiting or abundant at different times of the year. It may be that even generalist omnivores such as bandicoots and bilbies face significant resource challenges in autumn, which could relate to the usually low rainfall in the proceeding months and hence lower landscape productivity in autumn.
The maximum number of litters produced by female bilbies in the two populations we studied was three litters per annum. Females were observed to breed continuously during the breeding season at both sites, and then cease reproduction in late summer or autumn. During the breeding season, some females were observed giving birth~14 days after a previous litter emerged from the pouch. This concurs with findings of Southgate et al. (2000) , where the minimum time between births in greater bilbies could be as short as the time of pouch life. McCracken (1986) determined that female greater bilbies display a lactational anoestrus that terminates around the time of young's departure from the pouch. With a short gestation period of 14 days, this means females are able to breed almost continuously, and new pouch young can be born soon after the previous litter has left the pouch (McCracken 1986) . The average litter sizes of female bilbies in the two temperate populations examined in the present study were similar to that found by Southgate et al. (2000) , with the exception that no triplet litters were recorded in our study.
We found that female greater bilbies that successfully carried twin litters to pouch emergence had a larger mean head length than females that raised a single pouch young. Southgate et al. (2000) also found female greater bilbies that raised twins were significantly heavier than females that produced single or no pouch young in a captive environment, although they did not record any statistically significant differences for the wild population examined. Body mass has also been correlated with fecundity in northern brown bandicoots (Isoodon macrourus; Price-Rees et al. 2012). However, body mass is difficult to record accurately when females are carrying large pouch young, and in the present study pouch young were not removed from the pouch when they were measured so that minimal stress occurred during handling. Female head length was thus used as an indicator of body size. Although larger head length does not indicate condition, a female that is able to grow larger may be more effective at exploiting food resources, resulting in higher fecundity. A larger female may also simply be more physically capable of carrying twins.
In the present study, both male and female greater bilbies displayed a significantly smaller mean body mass on Thistle Island compared with those at Venus Bay Conservation Park. The smaller body size of females on Thistle Island may offer some explanation as to why no sibling litters >60 days of age were observed at this site. The present study showed that despite the significant difference in body mass between the sites, females at both sites had a similar likelihood of giving birth to twins, although the smaller females at Thistle Island were not observed carrying twins to >60 days of age. Our data and observations of losses of one pouch young of a set of twins between trapping periods indicates this is likely due to the death of one twin during pouch life, sometime before pouch young reaching 60 days of age.
Although we do not yet know why females were smaller on Thistle Island, there was a much higher trap success on the island than at Venus Bay Conservation Park, suggesting a higher population density. Bilbies here were recorded across the island, while at Venus Bay Conservation Park they appeared absent from some areas of the park. It is possible that resource competition is more pronounced in the Thistle Island population, where the population has increased to occupy the entire available habitat. It could also be that different selection pressures are operating in the two populations, which has been proposed as a possible cause of body size differences over time between populations of other species (Lomolino 2005) . The presence of feral cats at Venus Bay Conservation Park may be exerting increased predation pressure on small bilbies, leading to a population bias towards larger bilbies at that site and the reduced occurrence of subadults (<600 g) observed. Feral cats at Venus Bay Conservation Park is also likely the cause of the lower trap success of bilbies and other by-catch within the park.
The present study demonstrates that the bilby, a species that previously occurred over both arid and temperate environments, can adapt its reproductive strategy to suit local conditions. Our results showed seasonal breeding of bilbies in temperate South Australia with a non-breeding season centred around autumn, similar to other bandicoots in southern Australia. Timing releases to the start of the breeding season in winter in temperate Australia should therefore increase the likelihood of rapid onset of reproduction. Releasing large females, who are more likely to raise two pouch young per litter, could also be a cost effective measure in a translocation to maximise the rate of increase of a release population. High population density and thus resource competition may explain the reduced female fecundity observed on Thistle Island. Further research is needed on the diet of bilbies in a temperate environment to determine whether availability of food resources play a significant role in the seasonal breeding observed in our study. Changes in fecundity due to local conditions needs to be factored in to translocation planning, because it could affect both the timing of releases and the longterm population growth observed post-release.
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